There have been indications that intrauterine and early extrauterine growth can influence childhood mental and motor function. The objective of the present study was to evaluate the influence of intrauterine growth restriction and early extrauterine head growth on the neurodevelopmental outcome of monozygotic twins. Thirty-six monozygous twin pairs were evaluated at the corrected age of 12 to 42 months. Intrauterine growth restriction was quantified using the fetal growth ratio. The effects of birth weight ratio, head circumference at birth and current head circumference on mental and motor outcomes were estimated using mixed-effect linear regression models. Separate estimates of the between (interpair) and within (intrapair) effects of each measure on development were thus obtained. Neurodevelopment was assessed with the Bayley Scales of Infant Development, 2nd edition, by a psychologist blind to the exposure. A standardized neurological examination was performed by a neuropediatrician who was unaware of the exposures under investigation. After adjustment, birth weight ratio and head circumference at birth were not associated with motor or mental outcomes. Current head circumference was associated with mental but not with motor outcomes. Only the intrapair twin effect was significant. An increase of 1 cm in current head circumference of one twin compared with the other was associated with 3.2 points higher in Mental Developmental Index (95%CI = 1.06-5.32; P < 0.03). Thus, no effect of intrauterine growth was found on cognition and only postnatal head growth was associated with cognition. This effect was not shared by the co-twin.
Introduction
Several studies have reported a consistent association between fetal and postnatal growth and neurocognitive development (1) (2) (3) (4) (5) . Nevertheless, there are difficulties in separating intrauterine and postnatal environmental factors from genetic effects on neurodevelopment outcome due to complex interactions among them (6) (7) (8) .
Twin studies have been used as a model to distinguish the role of genetic and environmental factors on cognitive function. They have utilized the discordance in growth and development to measure the impact of a hostile intrauterine milieu on neurocognitive development while controlling environmental and genetic variables shared by both cotwins (9, 10) . Growth restriction in one of the co-twins occurs in approximately 12.5 to 25% of twin pregnancies (11, 12) . Compared to the unrestricted twin, the restricted member of the pair may present a higher risk of impaired Effect of IU growth on neurodevelopment of monozygotic twins www.bjournal.com.br physical and mental development (13, 14) . However, these studies presented some methodological limitations, mainly related to interpair analysis. There was a lack of a clear definition of a cut-off point for growth discordance in twins as well as the diversity of growth impairment presentations in twin gestations (15, 16) . For example, a twin set concordant for birth weight might be severely growth-restricted or vice-versa. Likewise, when comparing two twin sets concordant for birth weight, both pairs might be growth-restricted or non-restricted, or one pair may be restricted and the other non-restricted, depending on the index and cut-off used.
Therefore, the aim of the present study was to determine the influence of intrauterine and early postnatal growth on neurocognitive development of monozygotic twins, using intrapair and interpair differences in some anthropometric measurements collected at birth and at the corrected age of 12 to 42 months.
Subjects and Methods
This is a retrospective cohort study, with intrapair and interpair comparisons of a sample of monozygous twins. Data were derived from the Brazilian Information System on Livebirths (SINASC), a database of all hospital-based live births in the city of Porto Alegre, Brazil. A total of 601 twin sets were born in Porto Alegre between January 2000 and September 2002. Considering 30% as the percentage of spontaneous monozygotic twin gestations (17) , 180 monozygotic pairs were eligible for the study. Parents were contacted by telephone or letter and attended voluntarily. They were informed that the study comprised clinical evaluation, a standardized neurological examination and assessment of neurocognitive and motor outcomes.
Recruitment was conducted by telephone (43 twin sets) or invitation letter (22 twin pairs). Of these 65 monozygotic twin sets, 13 mothers refused to participate, 4 twin sets did not meet the inclusion criteria due to postnatal death of one or both members and 12 pairs were excluded (1 family moved to another city, 7 due to cerebral palsy in one or both members of the pair, 1 pair due to right arm dimorphism in one co-twin and 3 other sets failed to attend a second session to complete the assessment). Thus, 72 children or 36 monozygous twin pairs composed the sample. Zygosity was determined considering chorionicity, amnionicity obtained by ultrasonographic scan according to Scardo et al. (18) and assessment considering the criteria proposed by Bajoria and Kingdom (19) at the time of examination.
The sample size of 36 pairs was calculated considering a difference of 10 points between Mental Development Index (MDI) means, regarding 15 points for standard deviation (SD) with 80% of power, using a significance level of 5%.
The following variables were used in the analysis: fetal growth ratio (FGR), newborn gender (female/male), maternal age at delivery in complete years (≤30 or >30), maternal schooling in complete years (<8 or ≥8), parity (primiparous or not), maternal smoking during gestation (yes or no), birth head circumference (in cm), and current head circumference (in cm). Intrauterine growth restriction was determined by the FGR (20) , which is a continuous measure obtained by dividing the newborn birth weight by the 50th percentile of the Robertson's twin birth weight distribution for gestational age (21) . The lower its value the lower the intrauterine growth. Gestational age was assessed on the basis of neonatal clinical examination using the Ballard method (22) or through a review of ultrasound studies performed before 20 weeks of gestational age (23) or on the basis of clinical examination using the Capurro method (24) in this order of preference. Head circumference was based on the occipital-frontal diameter. All information at birth was obtained from medical records. The term "not known" was added to each variable in the analysis.
The primary dependent variables were the Mental and Psychomotor Development Subscales of the Bayley Scale of Infant Development, 2nd edition (BSID-II) (25) to measure neurodevelopmental outcome at 12 to 42 months of corrected age. The Mental and Motor Scales assess the child's current level of cognitive, language, personal-social, and fine and gross motor development, from which two developmental indices are derived: the MDI and the Psychomotor Development Index (PDI). MDI and PDI were standardized to a mean of 100, with an SD of 15, and children whose scores were within this range (100 ± 1 SD) were considered normal. In all cases, scores were adjusted for gestational age (26) . All assessments were blind to the child's birth weight and were performed by a trained psychologist.
Exclusion criteria were malformations, neurosensory impairments (cerebral palsy, deafness and blindness), severe psychomotor retardation and twin-to-twin transfusion syndrome. A standardized neurological examination was performed to determine the presence of neurosensory impairment (27) by a neuropediatrician, who was unaware of the birth weight of the children she evaluated.
The t-test was used to compare MDI and PDI between subgroups (by maternal age at delivery, schooling, parity, and smoking). The associations between MDI and PDI with independent variables were performed using mixedeffects regression models with a random intercept for each R.K. Reolon et al.
www.bjournal.com.br twin pair. 'Robust' standard errors and confidence intervals for estimates have been produced (28) . In the first model, MDI figured as the dependent variable and two terms were estimated: a term representing the growth ratio pair means and a term calculating the difference between the individual value and the twin pair mean value of growth ratio (29) . This approach allows estimates of the association between intrauterine growth restriction and postnatal head growth on cognitive development adjusted for factors shared within twin pairs (intrapair) while also allowing examination of possible effects of between twin pair (interpair) differences. The second model was created to estimate the associations between PDI and independent variables, using the same guidelines. Both models were adjusted for gestational age and gender. We tested for effect modification in these models using appropriate interaction terms. Analyses were performed using Stata (Stata Software Release 9.0; Statacorp, College Station, TX, USA).
The study was approved by the Ethics Committee of Hospital de Clínicas de Porto Alegre (HCPA). Written informed consent was obtained from parents for the participation in neurodevelopmental assessment. Patients were identified only by study codes.
Results
A total of 36 monozygotic twin pairs, corresponding to approximately 20% of monozygotic twins (17) born in the study period, were evaluated. The mean corrected age of the children at the assessment was 29.13 months (range: 12.10-41.93). The sample of twins was adequate for gestational age and there was no significant catch up of head circumference during the study period (Table 1) . However, 10% of the newborns weighed less than 1500 g and nearly a quarter of the sample was growth-restricted at birth (Table 2) .
MDI scores were lower for children born from less educated, non-primiparous and smoking mothers (Table 3) .
In Table 4 , there are two estimates of the effects of birth weight ratio, head circumference at birth and current head circumference of Mental and Psychomotor Development Scales. These are estimates of the between (interpair) and within (intrapair) effects of each measure on development. The between twin effects estimate the expected change in the mean PDI Data are reported as means ± SD and as minimum-maximum (Min-Max) interval. |∆| = intrapair difference. Table 2 . Table 2 . Table 2 . Table 2 . Table 3 . Table 3 . Table 3 . Table 3 . or MDI of a pair for a 1 unit increase in each anthropometric measure. The within twin effects estimate the expected difference in PDI or MDI between twins in a pair for a 1 unit difference in each anthropometric measure. Birth weight ratio, head circumference at birth and current head circumference were not associated with motor outcome. There was a significant independent association between intrapair differences in current head circumference and MDI after adjustment (Table 4 ). There were no statistically significant interactions between the interpair differences in mental outcome and maternal schooling, parity and smoking.
Discussion
This study demonstrated a significant association between postnatal head growth and MDI due to factors not shared by both co-twins, herein expressed by head circumference differences within twin pairs. Between-and within-pair differences in intrauterine somatic (as measured by the fetal growth ratio) and head growth have been demonstrated not to exert a significant effect on motor outcome.
It has been shown that dizygotic twin sets challenged by birth weight dissimilarity above 15% are probably associated with one growth-restricted infant (30, 31) and a higher risk of impaired physical and mental development for the lighter member of the pair (13, 14) . These findings indicate the effect of individual factors influencing the adaptation in the intrauterine environment. On the other hand, Goyen et al. (9) demonstrated a strong association between cognitive performance and between-pair growth impairment. However, our results did not indicate any influence of intrauterine growth on cognition at 12 to 42 months corrected age, thus not corroborating this report. On the contrary, our findings indicated that only postnatal head growth due to non-shared extrauterine factors might represent a major influence on cognitive development of twins.
The present study provides evidence that the intrauterine factors that affect head circumference development can be modified during an early sensitive postnatal period (32) . In our sample, specific adverse effect on cognitive function of infants born from twin gestations was associated with head circumference postnatal growth, indicating that the pattern of head circumference growth during infancy can influence cognition (33) . On the other hand, it is not possible to exclude the influence of non-shared factors on systematic environmental experience, such as accidents and illnesses, determining differences in development among co-twins.
No significant influence of birth weight ratio, head circumference at birth and current head circumference on motor outcomes, as measured by the PDI, has been demonstrated in the present study. The fact that motor handicaps were exclusion criteria and that they are more common in twins (17, 34) might have reduced the possibility of demonstrating a significant association between intrauterine growth restriction or postnatal head growth and motor outcome.
The finding that higher levels of maternal education were associated with higher MDI scores corroborated studies that demonstrated that more educated mothers might have a positive impact on the cognitive development of infants born from twin gestations (35, 36) . Evidence (37, 38) suggests that maternal smoking during pregnancy may cause harmful effects on cognitive development of the child and an association between maternal smoking during pregnancy and lower cognitive performance was demonstrated in the present study. In contrast to the report of Sørensen and colleagues (3), our results showed an inverse association between maternal parity and cognitive function, i.e., our results showed that first borns have higher MDI scores. The association between higher maternal parity and poorer cognitive outcome corroborated previous findings (39, 40) , which demonstrated that parity was The data for all 72 twins were used for the linear regression study. Model 2 was adjusted for birth head circumference, gender and gestational age. FGR = fetal growth ratio; HC = head circumference; 95%CI = confidence interval at 95%. R.K. Reolon et al.
www.bjournal.com.br a significant covariate for scores on the mental scale: first borns scored higher than children born later in a family. Further studies may clarify the role of parity in childhood development, i.e., whether growth-restricted infants born later in a family are less stimulated in their mental development. However, the association between MDI and FGR presented the same magnitude in both categories of maternal school education, smoking and parity, suggesting that the effects were not modified by postnatal covariates and presented long-term manifestations.
The present study has some limitations. First, the Bayley Scales of Infant Development II, although employed worldwide for diagnosing developmental delay, might have poor discriminatory power in eliciting minor impairments. Second, due to lack of Brazilian curves of intrauterine growth in twin gestations, Canadian-based curves were used as standards. The use of these data as a standard for intrauterine growth might not accurately represent the Brazilian neonatal population, leading to underestimation of FGR. Third, the small sample size can lead to underestimate the effect of intrauterine variables on the level of cognition at 3 years of age. Fourth, anthropometric measures at birth were obtained from medical records and thus were not standardized. This might have overstated differences in some measures.
The results indicated the complex modulation among genetics and environment. The intrapair differences of postnatal head growth showed that, despite the same genetic background and shared extrauterine environment, higher neurocognitive outcome can be produced due to non-shared environmental factors that promote higher head growth among one of the twins.
